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Description 

Field of the Invention 

5 [0001] The present invention relates to an expanded graphite sheet and a method lor producing the same, and more 
particularly to an expanded graphite sheet which ia excellent In heat resistance and resistance to oxidative ablation 
and a noethod for producing the sanne. 

Background Art 

io 

[0002] An expanded graphite sheet can be prepared as lollows. For example: graphite such as natural graphite, kish 
graphite, pyrolytk: graphite or the like Is treated with concentrated sulfuric acid, concentrated nitric acid, concentrated 
sulfuric add and potassium chlorate, concentrated sulfuric acid and potassium nitrate or hydrogen peroxide or like 
strong oxidiz ng agents, bromine or aluminum chloride or like halides to fomri an interlamlnar compound, and rapidly 

« heating fine particles of graphite Inoorpo rating the interlamlnar compound (acid-treated graphite material), for example, 
at a temperature of ^SO^'C or higher for 1 to 10 seconds to emit a cracked gas, whereby the Interlamlnar crevice of 
graphite Is expanded by the pressure of the gas to produce expanded graphite particles. Then, the expanded graphite 
particles are made into a sheet by compression molding or roll molding in the presence or the absence of a binder 
The expanded graphite sheet thus formed has excellent properties and is therefore effectively used In wide fields of, 

20 a.g., gaskets, sealtngs, heat-ins ulatlng materials, cushion materials and the like. 

[0003] Among expanded graphite particles conventionally used tor this kind of expanded graphite sheet, those of 
low expansivity, e.g. those expansible to about 20 to about 70 foids entall difflcultles In molding the particles Into a 
sheet in the absence of a binder, consequently necessitating the use of an adhesive, which raises problems of lowering 
the purity and degrading the properties due to the adhesive. 

^ [0004] On the other hand, when using expanded graphite particles of high expansivity, e.g. those expansible to about 
200 to about 300 folds, the obtained sheets can be fomied from only graphite so that the sheet Is highly pure and 
outstanding in properties. For this reason, generally expanded graphite particles of high expansivity are used today In 
the manufacture of expanded graphite sheets. 

[0005] However, conventional expanded graphite sheets pose a problem of low heat resistance in the air. especially 
30 In the air at a temperature as high as 700'C or more, leading to oxidative ablation of graphite. Namely conventional 
sheets have a serious drawback of Involving a high oxidative ablation factor. 

[0006] In order to overcome the problem, expanded graphite sheets have been developed by a process wherein 
low-expanslvlty graphite particles are treated with phosphoric actd or phosphate for suppressing the oxidation (JP-B- 
54-30678). The publication discloses that the intended sheet can be formed from low-expansivity graphite particles by 

55 using phosphoric acid or phosphate without use of an adhesive. However, although the particles can be molded Into 
sheets, the obtained sheets are unsatisfactory in the properties required by expanded graphite sheets such as me- 
chnnicfil properties end uriformity of sheets because of lack of an adhesive. In addition, the publication also describes 
that the resistance to oxidation Is Improved. But the Improvement was found Insufficient. Especially when the sheet Is 
exposed to the air at a high temperature for a long time, it sufters from an Intensive oxidatlvo ablation. In short, the 

^0 disclosed sheets are far from satisfactory. 

[0007] The Invention has been completed to obviate the foregoing problems. Thus, an object of the Invention is to 
provide an expanded graphite sheet which shows a low oxidative ablation factor in the air even when exposed to the 
air under high temperature conditions of 7Q0°C or more for a long time, the sheet being excellent in heat resistance 
and favorable in othe' properties as required by this kind of expanded graphite sheet, and also a method lor preparing 

45 the same. 

Disclosure of the nvention 

[0008] The inventors of the invention conducted extensive research to achieve the above-mentioned object and 
50 found that expanded graphite sheets containing phosphorus pentoxide and phosphate in specified proportions are 
superior In heat resistance, low in the oxidative ablation factor In the air even on exposure to the air under high tem- 
perature conditions of 700''C or higher for a long time and satisfactory in other properties required by this kind of 
expanded graphite sheet. The present Invention was accomplished based on these findings. The summary of the 
Invention is as follows, 

55 [0009] A haat-f&sistant, expanded graphite sheet according to a first embodiment of the invention contains phos- 
phorus pentoxide and phosphate. 

[0010] The heat-resistant, exoanded graphite sheet according to the first embodiment of the invention contains phos- 
phorus pentcxlde and phosphate so that the sheet Is remarkable In heat resistance and low in the oxidative ablation 
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factor In the air even on exposure to the air under high temperature condltfons of 700'*C or higher for a long time and 
can be applied for various purposes under high temperature conditions. The sheets have the properties required by 
this kind of expanded graphite sheet and are satlstactory In other properties. 

[0011] A heat-resistant, expanded graphite sheet according to a second embodiment of the Invention Is similar to 
the expanded graphite sheet of the first embodiment but different from the latter sheet In that the fomrier sheet contains 
Q.05 to 6.0% by weight of phosphorus pentoxlde and 1 to 1 6% by weight of phosphate. 

[0012] in the heat-resistant, expanded graphite sheet according to the second embodiment of the invention, the 
graphite sheet containing less than 0.05% by weight of phosphorus pentoxlde can not signfflcantly reduce the oxldathre 
ablation factor, and the sheet containing more than 5.0% by weight thereof falls to lower the oxidative ablatfon factor 
Further when the content ot phosphate Is less than 1% by weight, the sheet can not sufficiently reduce the oxidative 
ablation factor, whereas the content of more than 1 6% by weight tends to harden the sheet, thus resulting In degraded 
flexibility of the graphite sheet. 

[0013] A heat-resistant, expanded graphite sheet according to atnird embodiment of the invention is similar to but 
different from the expanded graphite sheet of the first or second embodiment of the Invention in that the phosphate 
incorporated In the former sheet Is selected from monobasic Ihhium phosphate, dibasic lithium phospiate, monobasic 
calcium phosphate, dibasic calcium phosphate, monobasic aluminum phosphate and dibasic aluminum phosphate. 
[001 4J A heat-resistant, expanded graphite sheet according to a fourth embodiment of the Invention Is similar to but 
different from the graphite sheet of any of the first to third embodiments In that the fonner sheet is less than 10% in 
the oxidative ablation factor on exposure to the air under high temperaiu.'e conditions of 700"C for 3 hours, 
[0015] The heat-resistant, expanded graphite sheet according to the fourth embodiment of the invention contains 
phosphonjs pentoxlde and phosphate In specified amounts so that the sheet is remarkable in heal resistance and very 
low In the oxidative ablation factor even on exposure to the air under high temperature conditions for a long time. 
[OOiej A method for producing a heat-resistant, expanded graphite sheet according to a 5th embodiment o1 the 
Invention comprises the steps of adding phosphate to a acid-treated graphite materia treated with a strong acid and 
phosphoric acid drying the mixture, subjecting the dried mixture to expansion treatment to gh^e expanded graphite 
particles, and making the particles Into a sheet by compression molding or roll molding. 

[0017] A method for producing a heat-resistant, expanded graphite sheet according to a 6lh embodiment ot the 
Invention comprises the steps of adding phosphoric acid and phosphate to a acld-traated graphite material treated with 
a strorg acid, drying the mixture, subjecting the dried mixture to expansion treatment to give expanded graphite par- 
ticles, and malting the particles Into a sheet by compression molding or roll molding. 

[001 8] Useful strong acids include, for example, sulfuric acid The expansion operation may be conducted preferably 
by expanding the graphite to about 200 to about 300 folds at an expansion temperature ot 900°C or higher, preferably 
about 950 to about 1200''C, 

[0019] A method for producing a heat-resistant, expanded graphite sheet according to a 7th embodiment of the 
Invention s similar to but different from the method of the Sth and 6th embodiments of the Invention In that the phosphoric 
acid :o be used in the fonner method is selected from orthophosphoric acid, metaphosphoric add. polyphosphoric acid 
and poiymsta phosphoric acid. 

[00201 In the method tor producing a heat-resistant, expanded graphite sheet according to the 7th embodiment ot 
the Invention, tie phosphoric acid unlfomily dispersed In the acld-traated graphite material fcms phosphorus pentoxlde 
(P2O5) on dehydration reaction in themial expansion treatment and It Is Incorporated In a specified proportion through- 
out the sheet by compression molding or roll molding. 

[0021] A method for producing a heat-resistant, expanded graphite sheet according to a 8th embodiment of the 
invention Is simi ar to but different from The method of Sth or 6th embodiment In that the phosphate to be used In the 
fonner method Is selected from monobasic lithium phosphate, dibasic lithium phosphate, monobasic calcium phos- 
phate. dij::asic calcium phosphate, monobasic aluminum phosphate and dibasic aluminum phosphate. 
[0022] In a method for producing a heat-resistant, expanded graph'te sheet according to a 9th embodiment of the 
invention, the ohosphate unlfonnly incorporated in the acid-treated graphite material is dispersed ae the phosphate 
throughout the sheet w.th substantially no change In the thermal expansion treatment. Consequently the heat-resistant, 
expanded graphite sheet produced by the method contains specified proportions of phosphorus pentoxlde and phos- 
phate. 

[0023] The mode for carrying out the Invention will be described in more detail. 
[0024] The method for producing a heat-resistant, expanded graphite sheet will be described. 
[0025] The term "acid-treated graphite material" used herein refers to a raw material conventionally used which Is 
prepsrod by treating graphite with sulfuric acid and an oxidizer by conventional methods and drying the treated graphite 
In the conventional manner Stated more specifically, graphite is treated with a known oxidizer such as hydrogen per- 
oxide or the like and with a strong acid such as sulfurk: acid, and the treated graphite is dried at about 100 to about 
120°C In the conventional manner. The Invention Includes a graphite material treated with phosphoric add together 
with sulfuic acid. The acid-treated graphite material will be described In more detail. 
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(A) Graphite material treated with suffurlc add 

(B) Graphite material treated with sulfuric acid and phosphoric acid 

In the present Invention, any one otthe above-mentioned acld-trealed graphite materials Is ueed. 
5 [0026J Using any o1 these acid-treated graphite materials, in the case of A. phosphoric acid and phosphate are added 
at the same time, or phosphoric acid Is added first, and phosphate Is added; or optonally In the case ol B, phosphate 
is added. Thensaf.er, the graphite is expanded in the conventional manner to about 200 to about 300 folds preferably 
at an expansion temperature of about 950 to about 1200^0, and is made Into a sheet. 

[0027] Extensively usable as this kind of graphite are a variety of graphite materials such as natural graphite, kish 

fo graphite and pyrolytk: graphite which have been conventionally employed. 

[G028] The phosphoric acid to b© uniformly Incorporated Into the acid-treated graphite powder Is selected from or- 
thoohosphorlcacW (H3PO4). metaphosphorlc add (HP03),polyphosphoricacld, more specif Icallypyrophosphoric acid 
{H4P2O7) and tripolyphosphoricacid (HsPgOio) and like chain condensed phosphoric acids, polymetaphosphoricacid, 
more specif teal ly trlmetaphosphorlc acid, tetrametaphosphoric acid and like cyclic condensed phosphoric acids. These 

^•5 phosphoric acids are used In the form of an aqueous solution. 

[0029] Examples of phosphate to be unlfomnly dispersed along with phosphoric add are monobasic phosphate and 
dibasic phosphate, preferably alkali metal salts and alkaline earth metal salts, more preferably lithium and calcium. 
Aluminum salts are also usable as metal salts. Specific examples a-e monooaslc lithium phosphate (LiH2P04), dibasic 
lithium phosphate (LI2HPO4), monobasic calcium pho^hate [Ca(H2P04)2). dibasic caldum phosphate (CaHPO+L 

20 monobasic a umlr.um phosplia:e lAI(H2P04)3l, dibasic aluminum phosphate IAI2(H=^04)3]. etc. These phosphates are 
used in the form of an aqueous solution or a suspension. 

[0030] "hereafter the expanded graphite material Is treated preferably at a temperature of 950 to 1 200'C for about 
1 to about 10 seconds to give off a cracked gas. whereby the Interlaminar crevice of graphite is expanded by the gas 
pressure to provloe graphite particles expanded to about 200 to about 300 folds, and the expanded graphite parades 

25 are made into a sheet by compression molding or roll molding. 

The thus-obtained expanded graphite sheet contains phosphate and the phosphorus oentoxlde (P2O5) generated by 
dehydration reaction ol phosphoric aid. The heal resistance and t.ie oxidative ablation factor of the expanded graphite 
sheet are variable depending on the contents ol phosphorus pentoxide and phosphate present In the sheet. 
[0031 1 It was conTirmed In the Invention that an expanded graphite sheet Is superior In heat resistance and in reslsl- 

30 ance to oxidative abiat on when the sheet contains 0.05 to 6.0% by weight, preferably 0.2 to 2.0% by weight, of phos- 
phonjs pentoxide and 1 to 16% by weight, preferably 2 to 1 0% by weight, of phosphate. 

[0032] The content ol less than 0.05% by weight of phosphorus pentoxide In the sheet can not significantly reduce 
the oxidative ablation factor of the sheet, and the content of more than 5.0% by weight thereof Is unlikely to markedly 
lower the oxidative ablation factor ot the sheet and. what is worse, is responsible for emission ol white smoke on 
^ formation of phosphorus pentoxide by dehydration reaction of phosphoric acid, resulting In undesirable environment 
in temis of hygiene, 

[0033] Whan the content of phosphate is less than 1% by weight, the oxidative ablation factor is not suffidantly 
reduced, whereas the content ot more than 1 6% by weight tends to harden a graphite sheet on fomiallon of graphite 
sheet, thus resulting in degraded flexibility of graphite sheet. 
^0 [0034] The expanded graphite sheet of the Inventlor which contains 0.05 to 5.0% by weight ol phosphorus pentoxide 
and 1 to 16% by weight of phosphate has the following properties: 

thickness (mm): 0.2 to 1 .5 
bulk density (g/cm^: 0.8 to 1 .1 
tensile strength {kgf/cm^), %): 40 to 60 
compressibility (70 kgf/cm^, %); 1 0 to 25 
recovery (70 Rgf/cm^. %): 25 to 45 

[Q035] Fig.1 shows the rasulta of a test for oxidativo ablation fac:or of axpanded graphite sheets of the invention 
50 containing 4% by weight of phosphate (monobasic aluminum phosphate) and varied amounts of phosphorus pentoxide. 
[0038] It is apparentfrom the graph showing the test results thatthe expanced graphite sheet containing phosphorus 
pentoxide and phosphate Is less than 1 0% In the oxidative ablation factor and is very low in the weight loss ratto even 
under severe conditions of JOO^C and 3 hours. 

55 
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Brief Description of the Drawings 
[0037] 

Flg.1 Is the graph showing the results of a test for oxidative ablation factor of expanded graphite sheets contaming 
4% by weight (constant amount) of phosphate (monobasic aluminum phosphate) and varied amounts of phospho- 
rus pentoxide. The graph shows an oxidative ablation factor o' expanded graphite sheets in terms of weight loss 
ratio which were left to stand In the air maintained at a temperature of 700**C for 3 hours. 
Flg.2 is a view showing an example of a tester for evaluating the 'lexlblllty ol the graphite sheet. 

Field of the Invention 

[0038] The heat-resistant, expanded graphite sheets of the invention are remarkable in heat resistance and resist- 
ance to oxidative ablation and are used for gaskets, seallngs, heat-lnsulating materials, cushion materials or the like. 

Best Mode for Canying out the Invention 

[0039] The present Invention will be described below In more detail with reference to the following examples to which, 
however, th© invention is not limited insofar as an embodiment Is rot deviated from the intended scope of the invention. 

Examples 1 to 20 

[0040] While stirring 300 parts by weight of concentrated sulfuric add (cone. 98%), 5 parts by weight of 60% aqueous 
solution of hydrogen peroxide was added as an oxidizing agent to provide a reaction mixture. The reaction mixture 
was cooled to 10"C and maintained at this temperature. One hundred parts by weight of 30- to BO-mesh natural flaky 
graphite powder was added. The mixture underwent a reaction for 30 minutes. After the reaction, the acid-treated 
graphite was separated by suction filtration, and was stinted In 300 parts by weight of water for 1 0 minutes for suction 
filtration. This washing operation was repeated twice to remove sufficiently the suit urtcacid portion from the acid-treated 
graphite. 

[0041] After auf icient removal of sulfuric acid, the acid-treated graphite was dried for 3 hours In a drying furnace 
maintained at 11 0*'C to provide an acid-treated graphite material. 

[0042] While stirring 100 parts by weight of the acid-treated graphite material, a solution was sprayed over the acid- 
treated graphite material, the solution being prepared by diluting, w th 1 0 parts by weight of met^^anol, 0.1 a to 3.5 parts 
by weight of an aqueous solution of orthophosphoric acid (conc.84%) serving as phosphork: acid, and 2 to 38 parts 
by weight of an aqueous solution of monobasic aluminum phosphate (conc.50%) sen/lng as phosphate. Then, a humid 
mixture was obtained by uniform stirring. 

[0043] ~he humid mixture was dried in a drying furnace maintained at 120°C for 2 hours 

[0044] "hen the mixture was treated at 1 0OO'^C tor 5 seconds to give off a cracked gas. Th e Interlamlnar crevice In 
the graphite was expanded by the gas pressure to provide expanded gnaphlte particles (expansion ratio 240 folds). In 
this expanding operation, the orthophosphoric acid used as one of the components undenvent a dehydration reaction 
to generate phosphorus pentoxide. The monobaste aluminum phosphate was confinnod to co-exlet with phosphorus 
pentoxide with no or litlle change. The obtained expanded graphite particles were made into a sheet having a thickness 
of 0.36 mm by roll molding at a roll space of 0.33 mm. 

10045] The composition of components in the thus-obtained expanded graphite sheet and the results of a test for 
oxidative ablation factor of the sheet are shown in Tables 1 to 5. The values In the composition of components in the 
tables are expressed In % by weight. 

[0046] The oxidative ablation factor In the expanded graphite sheet was evaluated after allowing the expanded graph- 
ite sheet to stand in the air maintained at 700*C for 3 hours and was expressed in tenns of weight loss ratio (%). 

Table 1 
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Example 




1 


2 


3 


4 


Expanded graphite 


98.9 


95.9 


93.9 


91.9 


Phosphorus pentoxide 


0.1 


0,1 


0.1 


0.1 


Phosphate 










Monobasic aluminum phosphate 


1.0 


4.0 


6.0 


8.0 
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Table 1 (continued) 





Example 




1 


2 


3 


4 


Weight loss ratio 


9% 




8% 


8% 


Table 2 




Example 




5 


6 


7 


B 


Expanded graphite 


97.8 


96.6 


93.8 


91.8 


Phosphorus pentoxide 


0.2 


0.2 


0.2 


0.2 


Phosphate 










Monobasic aluminum phosphate 


2.0 


4.0 


6.0 


8.0 


Weight loss ratio 


9% 


8% 


6% 


5% 


Table 3 




Example 




9 


10 


11 


12 


Expanded graphite 


89.6 


87.8 


B5.B 


83.8 


Phosphorus pentoxlde 


0.2 


0.2 


0.2 


0.2 


Phosphate 










Monobasic alumtnum phosohatc 


10.0 


12.0 


14.0 


16.0 


Weight loss ratio 


5% 


5% 


5% 


5% 


Table 4 




Example 




13 


14 


15 


16 


Expanded graphite 


95.6 


91.6 


95.3 


91.3 


Phosphorus pcntoxide 


0.4 


0.4 


0.7 


0.7 


Phosphate 










Monobasic aluminum phosphate 


4.0 


8.0 


^.0 


8.0 


Weight loss ratio 




5% 


6% 


5% 


Table 5 




Example 




17 


18 


19 


20 


Expanded graphite 


95 .0 


91 .0 


94.5 


94.0 


Phosphorus pentoxlde 


1.0 


1.0 


1.5 


2 0 


Phosphate 










Monobasic aluminum phosphate 


4.0 


8.0 


^.0 


4.0 


Weight loss ratio 


6% 


5% 


5% 


5% 



Examples 21 to 28 

[0047] Each acid-treated graphite material was prepared in the same manner as tn Example 1 . 
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While stirring 100 parts by weight of the acid-treated graphite material, a solution was sprayed over the acid-treated 
graphite material, the solution being prepared by diluting, with 20 parts by weight ot methanol, 0.7 to 1 .4 parts by weight 
of an aqueous solution of orthophosphoric acid (conc,84%) soring as ohosphoric add, and 4.0 to 1 7.4 parts by weight 
oT ar aqueous solution of monobasic calcium phosphate (conc.60%) serving as phosphate. Then, a humid mljcture 
was obtained by unifomn stlning. Expanded graphite particles (expansion ratio 240 folds) were prepared in the same 
manner as In Example 1. Subsequently expanded graphite sheets were produced In the same manner as In Example 1. 
[0048] The composition of componentB in the thus-obtained expanded graphite sheet and the results oT a test for an 
oxidative ablation factor of the sheet are shown In Tables 6 and 7. The values in the composition of components in the 
tables are expressed In % by weight. The oxidative ablation factor In the expanded graphite sheet was evaluated by 
the same method as In the previous examples. 



Table 8 





Example 




21 


22 


23 


24 


Expanded graphite 


97.6 


95.6 


93.6 


91.6 


Phosphonjs pentoxide 


0.4 


04 


0.4 


0.4 


Phosphate 










Monobasic calcium phosphate 


2.0 


4.0 


6.0 


8.0 


Weight loss ratio 


9% 


s% 


6% 


6% 



Table 7 





Example 




25 


26 


27 


28 


Expanded graphite 


97.4 


95.4 


95.2 


93.2 


Phosphorus pentoxide 


0.6 


0.6 


o.a 


0,8 


Phosphate 










Monobasic calcium phosphate 


2.0 


40 


4.0 


6.0 


Weight loss ratio 


9% 


6% 


6% 


6% 



Comparative Examples 1 to 5 

[0049] Each acid-treated graphite material was prepared in the same manner as in Example 1 . 
While stirring 1 00 parts by weight of the acid-treated graphite material. 0.3 to 1 .7 parts by weight of an aqueous solution 
of orthophosphoric acid (conc.84%) serving as phosphate was sprayed over the graphite material. Then, a humid 
mixture was obtained by uniform stirring. Expanded graphite particles (expansion ratio 250 folds) were prepared In the 
same manner as in Example 1 . Subsequently expanded graphite sheets were produced in the same manner as in 
Exj^mple 1 . 

[0050] The composition of components in the thus-obtained expanded graphite sheet and the test results as to the 
oxidative ablation factor of the sheet are shown in Table 8. The values in the composition of components in the tables 
are expressed In % by weight. Th e oxidative ablation factor of the expanded graphite sheet was evaluated by the same 
method as in the previous examples. 



Table 8 





Comparative Example 


1 


2 


3 


4 


5 


Expanded graphite 
Phosphorus penloxido 


99.B 
0.2 


99.6 
0.4 


99.4 
0.8 


99.2 
0.8 


99.0 
1.0 


Weight loss ratio 


40% 


18% 


16% 


15% 


15% 
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Comparative Examples 6 to 9 

[0051] Each acid-treated graphite material was prepared In the same manner as In Example 1 . 
While stirring 100 parts by weight of the acld-trealed graphite material, a solution was sprayed over the acid-treated 
graphite material, the solution being prepared by diluting, with 30 parts by weight of methanol. 8.4 to 38 parts by weight 
of an gqueous solution of monobasic aluminum phosphate (conc.50%) serving as phosphate. Then, a humid mixture 
was obtained by unifomi stirring. Expanded graphite particles (expansion ratio 230 folds) were prepared in the same 
manner as in Example 1 . Subsequently expanded graphite sheets were produced In the same manner as In Example 1 . 
[00521 The composition of components In the thus-obtained expanded graphite sheet and the results of a test for an 
oxidative ablation factor o? the sheet are shown in Table 9. The values in the composition of components in the table 
are expressed In % by weight. The oxidative ablation factor In the expanded graphite sheet was evaluated by the same 
method as In the previous examples. 



Table 9 





Comparative Example 




6 


7 


8 


9 


Expanded graphite 


96 


92 


B8 


84 


Monobasic nluminum phosphate 


4 


a 


12 


1G 


Weight loss ratio 


43% 


39% 


25% 


24% 



[0053] The expanded graphite sheets of Examples 1 to 28 contain phosphate and the phosphorus pentoxide formed 
by dehydration reaction. Therefore it is clear that ihe sheets exhibit a synergistic effect due to the two compounds even 
under high temperature conditions of 700**C, and the sheets show very low values In the oxidative ablation factor 
(weight loss ratio) and have heat resistance. On the other hand, tne expanded graphite sheets of Comparative Exam- 
ples containing either phosphoric acid or phosphate in the expanded graphite display a high oxidative ablation factor 
(weight loss ratio). Among others, it is clear that the expanded graphite sheets containing phosphate alone (Compar- 
ative Examples 6 to 9) show significantly high oxidative ablation factor and accordingly are Inferior in heat resistance. 
[00541 The expanded graphite sheets of Examples 8 and 1 5 have properties as shown In T^bie 1 0. 



Table 1 0 





Unit 


Ex. 8 


Ex.15 


Known product 


Thickness 


mm 


0.37 


0.36 


0.38 


Measured density 


g/cm3 


1.07-1.13 


1,07-1,13 


1.07-1.13 


Tensile strength 


Kgf/cm^ 


50.4 


52.1 


55.3 


Compressibility 


70 kgf/cm2 


% 


1fi.4 


21.7 


1B.9 


350 kgf/cm2 


40.7 


44.7 


41.5 


Recovery 


70 kgf/cm^ 


39.5 


30.6 


38.6 


350 kgf/cm2 


18.3 


17.2 


19.0 


Slress relaxation 


% 


1.5 


1.2 


0.8 


Flexibility 


Width-wise 


Frequency 


10 


12 


13 


Length-wise 


20 


23 


23 


Electrical resistance (plane-wise) 




870 


BIO 


850 


Oxidalive ablation (700*C/3 hr) 


% 


5 


5 


ga 



[0055] It is evident from Table 1 0 that the expanded graphite sheets of Examples 8 and 1 5 which show a very low 
oxidative ablation factor and heat resistance have Inherent properties of expanded graphite sheets without any deg- 
radation, and are comparable In properties with known expanded graphite sheets. The known product shown In Table 
10 is a commercially available product manufactured by Toyo Tanso Co.. Ltd., trade name "Model No.PF-38D". The 
flexibility in Table 1 0 was evaluated by a tester shown in Fig.2. A sample with a breadth of 1 0 mm and a length of 1 00 
mm (expanded graphite sneet) was alternately bent at an angle of 90 degrees. The flexibility was evaluated In terms 
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of bending frequency as counted until the sample became broken. In Flg.2. the sample Is desfgnatod 1 , a 60 g weight 
Is Indicated at 2 and the bending range Is designated 3. 

[0056J As apparent from the Examples, the expanded graphite sheets of the invention, due to specified amounts of 
phosphoms pentoxide and phosphate In the sheet, show heat resistance and a markedly iow oxidative ablation factor 
s even under high temperature conditions of 700^C or higher, and possess inherent properties of expanded graphite 
sheets without any degradation which are comparable In properties with conventional expanded graphite sheets. 

Industrial Appllcabilitv of the Invention 

10 [00571 As stated above, the expanded graphite sheets o1 the Invention are remarkable In heat resistance and resist- 
ance to oxidative ablation and can be effectively used as gaskets, seallngs. heat- Insulating materials, cushion materials 
etc. 



Claims 



1 . A heat-resistant, expanded graphite sheet containing phosphorus pentox de and phosphate. 

2. The heat-resistant expanded graphite sheet according to claim 1 . wherein the content of phosphorus pentoxide Is 
20 0.05 to 5.0% by weight and the content of phosphate Is 1 to 1 6% by weight. 

3. "he heat-resistant, expanded graphite sheet according to claim 1 or 2, wherein the phosphate is selected from 
monobasic lithium phosphate, dibasic lithium phosphate, monobasic calcium phosphate, dibasic calcium phos- 
phate, monobasic aiumlnum phosphate and dibasic aluminum phosphate 

2S 

4. "he heat-resistant, expanded graphite sheet according to any one of claims 1 to 3, wherein the sheet Is less than 
1 0% In the oxidative ablation factor on exposure to the air at a temperature of 700*»c for 3 hours. 

5- A method for producing a heat-resistant» expanded graphite sheet, the method comprising adding phosphate to 
30 an acid-treated graphite material treated with a strong acid and phosphoric acid. 

8. A method for producing a heat-resistant, expanded graphite sheet, the method comprising adding phosphoric acid 
and phosphate to an acid-treated graphite material treated with a strong acid. 

3s 7. -^he method according to claim 5 or S, wherein the phosphoric acid Is selectee from orthophosphorle acid, meta- 
phosphorfc acid, polyphosphoric actd and poiymetaphosphoric acid. 

8. The method according to any of ciaims5 to 7. wherein the phosphate Is seieciedfrom monobasic lithium phosphate, 
dibasic lithium phosphate, monobasic calcium phosphate, dibasic caJclum phosphate, monobasic aluminum phos- 
phate and dibasic aluminum phosphate. 

9. A heat-resistant, expanded graphite sheet prepared by the method for prod jcing a heat-resistant, expanded graph- 
ite sheet f^ccordlng to any one of claims 5 to 8, wherein the sheet contains 0.05 to 5.0% by weight of phosphorus 
pentoxide, and 1 to 1 6**/^, by weight of phosphate. 

45 



so 



55 



9 



EP1 211 221 A1 



Pigl 



16. 



o 

■M 
O 




> 

4J 



•3 

o.| ^ , . — , ^ 

».o oz 0.4 or. o.i» 

amounts o£ phosphorus pentoxide 
by weight 

Fig 2 



Sheet. 




10 



EP1 211 221 A1 



INTERNATIONAL SEARCH R£PORT 



ImematiocrtiJ spptlcmiflD No. 

PCT/JPOO/04717 



A. CLASSIFICATION O F SUBJECT MATTER 
Xnt.Cl' C01B31/04 



AccordinB lo latcmatiowil Fatenc OaaificatiQn <IPC) or to both Ofttianal claaification ftrtJ IPC 
B, PTBLDS SEARCHED 

Mmimum dutfumcafation acnKbed^cImffioation systoxn followed by ctsnJficslion wmbaUf 
InCCl' C01B31/O4 , C0dK3/10 



Docwnantaiion searchfid oiher than mioimiim cbeumentation lo (he extwt that such doGuments m Included in the fletds wtrchcd" 
Jltfluyo Shlrian KOho 192B-1996 Tcjrolcu Jitsuyo Shlnan Koho 1994-2000 

KcOtai Jltsuyo Shinan Kdho 1971-2C0D Jitsuyo Shinan 'IYotJcu KDho 1996-2000 

ElBctrorric data baaeconsuJted during ttt ImwuBtionat search (nomc of data bnsc and, where ptacticablc. scucb toma uwd) ' 



C. DOCUMENTS CONSIDERED TO DB RELEVANT 



Category* 


Citadan of docuitienc, ASth indicatfon, wfaen ippropriate^ of the tctcvant passagu 


Relevant to claim Ko. 


X 
A 


JP, 52-35205, A (Hitachi Chemioal Co., Ltd.), 

17 March, 1977 (17.03,77), 

See rhc full text ( Family s none) 


1,3.5-8 
2.4,9 


A 


JP, 9-286972, A (Hitachi Chemical Co., Ltd. 1 , 
04 NoveiTLber. 1997 (04,11.97), 
See the full text (Family: none) 


X, 3,5-8 
2^4,9 


A 


JP, 10-101316, A <Sekiflui Chemical Co., Ltd.), 

21 April, 1998 (ai.04«9a). 

See the full text (Fawily: none) 


1-9 


A 


JP, 59-8607, A (Hitachi Chemical C3o., Ltd.), 

17 January, 1984 <17.01.B4), 

See the full text (ratnily: none) 


1-9 


A 


EP, 305984, A2 (UNION CARBIDE COHPORATIOTTI , 
06 Kaxch, 1989 (06.03.69), 
See the full text 

& iTP. 1-14S311, A, See the full text 

& us, 4395713, A & DE, 3686855, O 


1-9 



ruither documents are Iteied in tnccoaiinuation of Box C. Q Sec patent fluttily bducx, 



Sp«eiai caktsDrica of ci ted documcntu: 
flQcvuiisnt clafhiing the gsneral stale oftb* an which k not 
cofuldcRd IP be of panlculnr relevance 

cariicr documtsit but published on ar after the inf emntxanal flllnB 

(iocuotent vriikfa may (hiow doubts so priority cbunfi) or wUeh « 
eit^ to eaiAUch die poMieation dale ofanoffaer dttrtion oi ofbsr 
ipedalnaion [a apcctfled) 
duGiimtntnireniag to an oial disclosure, uie, cuihiUdoii or iKba 



T" tecunumt publi Aed prior to the imetaatlamit fntg j ila^p ^^i* i <tff 



*T* later dG0UiJwntp<4}{ished after the iDlamaliDDal ri]ingdMQor 
prtorfty daie and not in conflict whti the B^plUntfoD but cited id 
undervtand die pnnclplc or theoiy vaiiexiym^ lbs iavemiun 
doeament of pafdc^lv iticnnafie: die claioud tnvaiiiim eannoi be 
oauidectd novel or canot be eontldesed to Involve an taveRdre 
«lep when the docuRifittl ia Caloeii alone 

•Y" docii7nen< of pardcularTolcvBnce; tbc daimed tnvcntian cannot be 
considered to involve an iDveotive lUp when die decuinsM ts 
ooxnbiaed with ooecr raue other audi dooumenta, such 
coabtDitloa hdns obvious to a penco lUKed (d the art 

"A* dAcumemraeidberofthesamepaieidfiuiiUy 



27 Septatnber, 200O (27.09.00) 


Dste of mailing of the intercuitioaa] sea/cb report 
10 October, 2000 (10. 10. 00) 


Japanese Patent Office 

FBC^imile No. 


Auifaarized nfilcer 
Telephone No. 



11 



EP1 211 221 A1 



INTERNATIONAL SEARCH REPORT 



IntcnaliDJiBJ appJicatiim No. 

PCT/jPOO/04717 



C (Comiwjation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Clutlon qf docmneni^ m\h indicitiaji, where appropriate, of the relevant pavaees 



Kelervont ia<:\&\m No. 



US. 5582811, A (UCAR Carbon Tcckijialcgy Corporation), 
10 December, 1996 (10.12.96), 
See the full text 

& JP, 3-238720, A, See the Cull text 

US, 528642?, A (Bayer Aktiengeasllschaf tj , 
22 February, 1594 (22.02.94), 
See the full text 

& uP, 5-201758, A, See the full text 

& DE, 4117077, A & EP, 515892, Al 
b CA« 2059220, A 

JP, 55-118987, A (Dainichi Nippon Cables Ltd.), 
12 September, 19B0 (12.09.80), 
See the full text (Family: none) 

US, 3333 3*1, A <The Dow Cbeinleal Conqpany et al.)^ 

01 August. 1967 (01.08,67). 

See the full text (FAmilyi none) 



1-9 



1-9 



1-9 



1-9 



Foim PCT/ISA/210 (contiimatioo ofsecood sheet) (July 1992) 



12 



